The response to agricultural gypsum, as a conditioner of the root environment in depth, has been observed for most annual crops. These responses are attributed to the better distribution of roots of the crops in depth in the soil by the reduction of chemical impediments, caused by the exchangeable aluminum and calcium deficiency in these layers, which allows to the plants the use of greater volume of water when they occur summer. In this way, the objective of this study was to evaluate the effects of gypsum doses on physical-hydric attributes, root growth and soybean productivity. The experiment was conducted at the Agronomic Institute of Paraná (IAPAR) in Santa Tereza do Oeste-PR. The soil was classified as Typic Haplortox. Five doses of agricultural gypsum were evaluated: 0; 3; 6; 9 and 12 t ha -1 , in outline randomized block design with six repetitions. Soil density, total porosity, macroporosity, microporosity and saturated hydraulic conductivity were evaluated at layers of 0.0-0.1; 0.1-0.2 and 0.2-0.3 m. Soybean productivity and root growth were also evaluated. Data were submitted to regression analysis. The physical attributes soil density, macroporosity and saturated hydraulic conductivity did not differ significantly with the application of the gypsum doses in the 0.0-0.1 and 0.2-0.3 m layers. However, in the 0.1-0.2 m layer, due to pressures imposed by the machines and agricultural implements deforming the soil, there were significant differences in the physical attributes of the density, macroporosity and saturated hydraulic conductivity. There was no significant difference in grain productivity and root growth of soybean.
Introduction
In the western region of Paraná, soybeans stand out in the economic sector and a good part of the agricultural revenue in the region comes from the commerce of this culture. The technology of using agricultural gypsum has been an important management strategy to aid in the production of grain, mainly as soil conditioner for the soybean crop. This technology proves to be feasible both socially and environmentally, and it also allows in the field income generation in the rural property, reduction of agrochemicals, agricultural inputs that allied with the conservationist practice of the soil as the no-tillage propitiates improvement in the quality of the soil.
Agricultural gypsum is composed basically of calcium and sulfur and acts as a soil conditioner. High solubility, when applied to the soil, reduces aluminum saturation in depth, and translocate nutrients from the superficial layers to the subsurface, mainly calcium, thus allowing greater efficiency and area explored by the roots (Leite et al., 2007; Zambrosi, Alleoni, & Caires, 2007b; Broch et al., 2008; Raij, 2008; Soratto & Crusciol, 2008b; Neiset al., 2010; Broch et al., 2011; Zandoná et al., 2015) . Gypsum could be applied to acid soils to complement limestone to favor the root system growth and development in depth, because of its soil conditioning effects (Zhang, & Norton, 2002; Meurer, Rhenheimer, & Bissani, 2004) . certain areas where they predominate the red latosol, by the toxicity caused by Al 3+ and Mn 2+ and low saturation by bases.
According to Carvalho and Raij (1997) , Soratto and Crusciol (2008a) , and Carducci et al. (2015) , it is large the amount of information on the agricultural gypsum effect to improve the radicle environment of plants, due to the calcium movement to subsurface layers of the soil or decrease in the toxic effects of high aluminum contents. Still for Soratto and Crusciol (2008b) , subsurface layers with low calcium levels and/or high exchangeable aluminum contents may cause decrease of harvests, especially in regions prone to low rainfall (dry spell), as they lead to less root system deepening, resulting in less soil volume explored by the roots, and in turn, less nutrients and water available to the plant.
Within this optics to Raij (2008) , the activity of free Al 3+ in the solution is a more consistent indicator of aluminum toxicity in soil solutions. Thus, the Ca displacement in the soil profile is much greater when gypsum is the source (CaSO 4 ·2H 2 O). SO 4 2-anion that is part of the agricultural gypsum formula is important in reducing Al 3+ activity, which helps root development (Zambrosi, Alleoni, & Caires, 2007a; Nora et al., 2014) . However, the incorrect use of plaster can cause chemical imbalance to the soil, causing long-term damage (Pauletti et al., 2014) . According to Costa et al. (2007) , the reduction of soil density (Sd) can be attributed to the fact that the gypsum aggregation action is due to the supply of cations that possibly neutralize part of the negative charges occurring in the medium.
For Machado and Freitas (2004) and Sanchez et al. (2014) , the maintaining soil with good fertility, physical, chemical, biological and water properties can provide good crop productivity.
In western Paraná, soybean stands out in the economy, with much of the region's income coming from the culture (CONAB, 2017) . The technology of the use of agricultural gypsum has been an important handling strategy to aid in grain production, mainly as soil conditioner for the soybean crop (Fukushima, 2001 ).
Therefore, this study aimed to evaluate the effect of agricultural gypsum doses on soil physical attributes, root growth and soybean productivity in a no-till system in west Paraná.
Material and Methods

Location of the Experimental Area
The experimental area is in the municipality of Santa Tereza do Oeste-PR, located on the third Paraná plateau at latitude 25°08′ (South) and longitude 53º58′ (West), with an average elevation of 750 m. The experiment occurred in a Typic Haplortox, clayey texture, basalt substrate, smooth-wavy relief (EMBRAPA, 2013) , cultivated under no-tillage system (NTS) for more than eighteen years. The soil is clayey textural class, with 29% sand, 11% silt and 60% clay. Table 1 shows the soil chemical determinations, collected in 2013, prior to the experiment, that is, before the application of the agricultural gypsum. Fifteen subsamples were collected in the experiment area. According to Köppen's classification, the climatic characteristic of the region is mesothermal humid subtropical, Cfa, with average in the hottest month above 22 ºC and in the coldest month below 18 ºC, with no defined dry season, hot summer and frost less frequently. Rainfall is abundant and well distributed throughout the year; the annual averages are between 1,800 and 2,000 mm (IAPAR, 2000) . During the whole cycle, the rainfall volume was around 1,118 mm and the average temperature was 22.61 °C. Figure 1 shows the rainfall data, temperature and evapotranspiration evaluated every 15 days during soybean cycle.
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Initially, th to the soil sequence ( when the e eristics Evalua e area remaine roporosity, tot and samples w 5 cm diameter ammer and soi ples was adjust aturated sample g the water in constant-load p ted to the con which the so RAPA (2011). tion, the sampl oil density, the on: Sd = Mss/T olume of the ri Vol. 11, No. 4; 2019 Calculating total soil porosity occurred with the relationship between soil density and particle density, as equation: Tp = (1 -Sd)/Pd *100 in which Tp is total porosity, measured in (m 3 m -3 ) and Sd is soil density, measured in (Mg m To analyze soybean root growth, a 0.50 × 0.50 m, wooden grid was made with several nylon lines forming small 5 cm square strips on each side, which was used to estimate the root size and area. For the analysis, 1.0 × 0.6 m depth trenches were opened for each treatment, where soybean roots were exposed in parallel rows by trench. Thus, the roots were exposed for evaluation, and, with the squared grid placed in front of the root, the measurements of the soybean roots were carried out, profile method (Böhm, 1979) .
The soybean harvest occurred on February 10, 2016 using a combine harvester (Wintersteiger Classic®) with three 0.45 m rows. Productivity was determined by the useful area, 30 m 2 , transformed in kg ha -1 and corrected to 13% moisture.
Statistical of the Data
Data were submitted to analysis of variance and the effect of the agricultural gypsum doses evaluated by regression analysis. The model based on the coefficient significance of the adjusted regression equation as well as on the coefficient of determination (R 2 ) associated with each model, using the Assistat software version 7.7 beta (Silva, 2016) .
Results and Discussion
The significant results with the application of the gypsum doses on the physical properties of the soil occurred only in the layers of 0.1 to 0.2 m for all attributes worked. These results are usually expected in this layer, due to the pressures of the machines, agricultural implements and the influence of the chemical reactions of the soil in the presence of the gypsum.
The area with the system of direct manipulation with the gypsum has contributed to the results of the processes of comparison with the root systems of the soybean crop, with the use of gypsum improved physical soil properties. When applying 3 t ha -1 gypsum, the best result of productivity corresponds to the recommendation of Embrapa (2015), which had a better effect. Thus, as a result, was can see . Vol. 11, No. 4; 2019 
